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S0L:E ideas 01^ RAG II' G SSAI LAIJES* 
By Giovanni Fei^.^na 

I . IITTRODUCT lOlT 



Seaplane racing for the Sclmeider Cup has stii.mlatecl 
desi^;:ners to the realization of ev-'T increasinei valr.es of 
the ratio "between the effective po.ver of tne engine-pro- 
peller t^'roup and the head resintance or <^'.r?3. This has 
led to the production of some remarhahle seaplanes. The 
2,500 hp Rolls-Royce "S.6" engine, this yearns cup winner, 
is indeed a reinarkahle achieveiaent . Squally r eiriarkr ol e is 
the sin,;^le propeller capable of utilizin^j, so ar.ch power 
with such a hi^'h de^^vree of efficiency. 

In Italy, though with less fortunate results, there 
was constructed for the 1931 contest a power plant consist- 
ing of two tandem engines and two coaxial propellers rotat- 
ing in opposite directions. I helieve the useful power in 
the two cases can he of the same order of magnitude, hoth 
in a., solute value and in proportion to the weight. This is 
a mechanical accomplishment which seemed impossihle till a 
short time ago, I instinctively foresaw the progress to he 
made simultaneously in hoth respects, namely, inc-r-ease in 
the engine power and decrease in the parasj.te resistance or 
d r a g . 

This result, however, is difficult to obtain, due to 
the fact that engine improvements involve laboratory tests 
under special conditions, while aerodynamic progress re- 
quires actual flight tests on new airplane types. These 
tests often constitiite a serioiis human gaaae in which the 
life of some brave young' pilot is at stahe. 

ITow, however, after this method has been almost ex- 
clusively em.ployed by Italian and British designers and 
biiilders, a better method has been found for solving the 



* "Alcune Idee sugli Idrovolanti da Corba." Rivista Aero- 
nautica, June, 19?2, rp. 461-51G. (Dedicated to Italo 
Ealbo, Italian Minister of Aeronautics.) 
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aerodynamic problem, wiiich will produce aircraft with the 
mininiuv;! drag. I have employed this laethod for ten years, 
havinj^: desi^^ied seven t^^pes of racing seaplanes and con- 
struct ec. some of them. 

I have "been unfortunate in various ways, "but still 
hope that I or some one else, starting with the principles 
I am ahor.t to explain or with similar ones, may produce a 
perfect racing seaplane, perfect in the sense that its low- 
altitude speed with a helicoidal propeller will he the 
practical upper limit of hum.an attainment. 

In addition to the seven racing seaplanes, I am now 
designing an eighth seaplane which is not strictly a racer, 
although even hetter adapted for attaining the maximiim 
speed, which is the aim of every aircraft designer. This 
is an "rll-^'ing" seaplane without fuselage, and everybody 
realizes that this is the type (as indicated "by Junkers in 
1910 and as the objective of specialists and enthusiasts 
ev(;r since) to be adopted in the near future for long 
flights. The nondimens i onal or absolute polar of this 
eighth seaplane is indicated by the letter .Y in Figiire 13. 

2. 5 OAT SEAPLANE 

In 1920, in the magazine which I then owned and pub- 
lished, "L^ Aeronaut ica" (i.Iay, 1930, p. 29),. I wrote "I con- 
sider it probable that the highest aircraft speeds above a 
certain power v/ill be attained br seaplanes." This belief 
has since been confirmed by actual events, seaplanes having 
exceeded half the velocity of sound in the Schneider cu.p 
races. It has been denorist rat ed that high speeds are more 
suitable for seaplanes than for landplanes. This is partly 
because still water affords a practically unlimited tai'^e- 
ofi and la-iding field and partly due to the elimination of 
the landing gear. This is especially true of racing air- 
planes Yihose small dimensions do not easily permit the use 
of retractable landing gear^s, 

One of the first exemplifications of this principle is 
shown ^.n Pi^ure 1 and dates from 1921 , This seaplane, which 
\rcS designed for racing hut which might be modified for or- 
dinary flight, seems to be aerodynamically the simplest 
conceivable form for s.^all and medium aircraft with habit- 
able bodies, from which the transition could be gradually 
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made to a seaplane with liatitaDle wings and v/itliO'j.t fuse- 
lage, which I still consider the simplest conceivahle air- 
plane and perhaps, therefore, th.e airplane of the futrre. 

The mechanical and thermodynamic difficulties are oh- 
vious, "but do not appear . s er ioiis . The str\ictural diffi- 
culties im'ply small dim.ensions, while one m.ay "be. perplexed 
hy the unknown aerodynamic m.oment s produced in flight 
(v/hich then seemed more dangerous to me than they do now ) 
"by raising and lowering the propeller axis. 

Structurally the single-piece wing could also "be of 
the V type and mounted under the engine. In this cane the 
part of the wing near the hull would he immersed under con- 
ditions of rest and would impart to the s eaplan e t ransv er s e 
static stahility and also dynamic stahility in the first 
part of the process of taking off. The wing could rotate 
with the engine and thus have a considerable advantage in 
taking off and in landing. 

The seaplane floated on the stabilizer and elevator, 
hut I immediately thought of using a perfectly movable sta- 
bilizer and soon succeeded in doing so on my pursuit plane 
P .2 (figs. 2 and 3), which had a wing similar to that of 
the Pc 1 and the Rondine. With this I believe the pilot 
'could control the seaplane in any attitude of the propeller 
axis. In the case of a wing rotating with the power plant, 
it is now possible to connect it with the horizontal em.- 
pennage in such m.anner that t]ie wing and the stabilizer 
would alv/ays have the desired reciprocal angular difference 
in phase. 

I believe that the pc 1 would afford an interesting ob- 
ject for study and the possibility, especially)'' in combina- 
tion- v^ith th-e Pc ?, of reducing the midsection of the hull 
to a minimum. It should be noted, with respect to what I 
have just said regarding the Pc 1 that the hull and the 
wing would sxiare in floating the seapla^ae, becru.se the wing 
would be covered according to the Pokher method and would 
therefore assist with its tips (or with its central portion 
in the case of a low wing) in producing the hydrostatic and 
hydrodynamic lift and in imparting transverse stability to 
the whole seaplane in the initial phase of taking off. 

The hull of the Pc 1 was designed by Arrigoni, and its 
coii., ru.ct ion was begun by the Eastianelli Company of Rome, 
(makers of the c'ont em.p oraneous seaplane PRE which was de- 
scribed in "All the World's Aircraft" of that time), but 
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on •/hich work was Giispended f*or reasons of econouy. 
3. OOIvTVEETIOlTAl RACIHG- SEAPL^rE 



The pursuit landplane P2 (F iagt.'i o ^ ) » designed-by rne 
in 19:-:2 and const mated in part "by Fe£;na-3onmart ini and in 
part l^y 'F iagfiio ( f ij:?;s . 2, -3, a:id 4) ras the prototype of 
the seaplane Pc 2 (Piae:^io P4) ( f i,:,- • ' 8 ) , vjhich I designed 
in 1823* for the 1924 Schneider Cnp race, hu.t which was not 
ent er ed . 

I had ohserved that the P2 with Botali and Clement 
radiators had flight characteristics practically the s-^ine 
as anticipated from wind- tunnel model tests. I had also 
seen that the F2 without radiators had an excellent fine- 
ness ratio (logarithmic -polar , f i;;. 5). I accordingly de- 
signed the Fia{::gio Cornpany^s P4 (l923) vrhich is the Fc 2 
of my series of racing seaplanes. 

Figure 5 shows soiae of the seaplanes designed in Italy 
during this period for the Schneider Cup races, while the 
logarithmic polars of the^^e seaplanes (with the exception 
of Fo.o), not corrected for the scale effect, are plotted 
in Figure 7. The polars serve therefore only for ap'oroxi- 
mate comparisons. 

It is oovious that the "best seaplane is represented "by 
curve 4, hiit with a correction for the scale effect, to- 
gether with the seaplane ild. 2 (fig-. 6) in Crocco«s excel- 
lent Dooh "Element idi aviazione" ("Roma 1211," pp. 274-5, 
and "Roma 1226," pp. 266-7). The "Roma 1225" was also de- 
signed by me as a pursuit seaplane (1923), hut v/as not 
huilt. The upper wing, of symmetrical profile, was the 
saice as that of the F2. 

In its practical realization, the seaplane ITo. 4 had 
prooahly heen impaired hy the presumable rjecessity of al- 
tering the shape of the floats, while the Pc 2 had probably 
been im/proved. In fact the latter was r.-^^nked the highest 
and committed to Piaggio. Figure 8 showj the structivre and 
assembly of this seaplane. 

In designing the final type Fc 3 (fig. 9), I reduced 
the midsection of the fuselage to its apparent minimT:.m and 
was obliged, as the res^^lt of tan'.': tests with models, to 



N.A.C.A. Technical Memorandum Ho. 591 



5 



chanj^je the shape and volnine of the floats. (Fi^:,s. 10 and 
11.) With these changes, I consider the Fc 3 aerodynamic- 
ally superior to the Pc 2 and even to seaplane No. 4. 
(Fis. 6.) 

The nondimens ional polars of these seaplanes are 
plotted in Figure 12. The 100 Cr scale is .increased in the 
space to the left of 100 Cr = 2, in order to render more 
evident the comparison "between the head resistance in the 
vicinity of the practical angles of attack for the maximum 
speeds. 

Aerodynamic progress is shown "by the nondimens i onal 
polars, for which reason there are. plotted in F'igures 12 
and 13 the representative points of the aerodynamic charac- 
teristics of the seaplanes S5 and S6, which I deduced ap- 
proximately from data published in the technical press. In 
Figure 13 the polars are for the total supporting surface 
rather than for the wing alone, as will he explained far- 
ther on. • • . 

Although the points for the S5 and So naturally talce 
account of the scale effect, it is obvious that these sea- 
planes have the same order of fineness as the Fc 3. Bear- 
ing in mind the fact that the Fc 3 had over 16 m^(l72.2 sq, 
ft.) of wing area and reducing this area sufficiently to 
enable the same minimum speed as the So, we obtain the dia- 
grams in Figure 14, from which, although the Fc 3, thus re- 
duced, must be provided with larger floats .in relation to 
the great weight of the S6, it follows that the latter is 
aerodynamically similar to the Fc 3. I believe, therefore, 
that the great increase in speed since 1923 is due more to 
progress in engine designing than to aerodynamic imiorove- 
ments in the seaplanes themiselves. 

The Fc 3 was almost completed, as shown by Figures 15 
and 16, when work on it was discontinued, solely for admJ.n- 
istrative reasons. I hope the reader will give me the sat- 
isfaction of recognizing my priority in conceiving t'.ie sea- 
plane type which subsequently in the liacchi (fig. 17) and 
Supermarine trium-phed in the Schneider Cu.p races. It seems 
unnecessary to take exception with regard to the semithick 
braced wings of the Kacchi and Supermarine. Practically 
both solutions, for the given dimensions, are equivalent, 
even as regards weight, though the semithick cantilever 
wing is, on the whole, s t ructiiral ly simpler. 
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On the other hand, it has teen d eraons t rat ed that the 
scale effect is appreciaole and favorahle for wings of- 
medinm thickness with almost symmetrical profiles and with 
a miadl'e line of douhle curvatiire (as, e.g., in the U types 
of the InF.A.C.A.), which was like the wing of the ?c '6 and 
lat-- like that of the Pc 7. 

The structure was light and ri^id, so that the win-:: of 
the p-urswit plane P2 , with an area of 20 m (2l5,3 sq.ft.) 
and a weight of 220 kg (485 lb.) similar to the 16 rr^' 
(172.2 sq.ft.) wing of the Pc 3, hut less robust (fi{-.:. 4), 
broke at the coefficient 18, with a load of 18,000 kg 
(39,63? lb.) and brilliantly withstood the' severe torsional 
tests required by the Italian Air Ministry. 

This was due to the type of construction, which em- 
ployed a single box spar with great resistance to flexure 
and torsion, and also to the elliptical shape of the wing 
Yfith its greater thickness near tiie fusela^.e. 

The fuselage was likev/ise strorg torsionally and was 
attached by four bolts to the lower side of the single- 
piece v/ing, thus greatly increasing the torsional ri^-idity 
of t e wh 0 1 e . 



4. THE TWO-EKGI^ffS SEAPLADIZ Pc 4 



In 1927 I was requested by the Italian Air Ministry to 

design a racing seaplane for the 1929 contest. My first 
idea is sketched in Figure 18. The central float necesi- 

tated the use of two wing-tip floats capable of being let 

down and retracted mechanically. The propeller shafts were 

prol:)nged, in order to impart great fineness to the nacelle 
containing the engines and pilot. 

This seaplane did not satisfy m.e, however, when I was 
ready to pass from the sketches to the actual de s ig^^ • 
I anticipated difficulty in taking off with a float having 
such a large longitudinal keel angle between the parts for- 
ward and aft of the step. The mechanical ^control of the 
lateral floats also appeared rather difficult. 

\ . It may. be observed that my coll.eague I'a-rchetti designed 
and const ruct ed .a similar type of racing seaplane, -but with 
two lateral floats instead of the central float and with a 
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tail "beam. This see-plane wa*s tal.:en to Calshot, iDut did not 
participate in the contei:5t.' I reluctantly ahandohed thi's 
idea, in order to de-:vise nor-.e r.iore efficacious solution. 

5. THE Pc 5 AITD Fc 6 SEA?LA!TS3 :7ITH VAEIA3LE \7lfG 
AREA AilE CEI'TRAL SETRACTA3IE ELCAT 



It is obvious that, if, instead of flying r^ith the fu- 
selat';e and flo^t in their nomal conventional positions 
which Causes considerahle aer odyna'.iic interference, it were 
possible to condense the midship sections of these three 
elenents in the vicinity of the en^^'ine and siraultaneously 
their frontal area, it would be possible to increase tne 
speed, with a A'iven v/eight and power, by increasint;^ th-e 
win^' loading- as coivipared with that at the j. inimum speed. 

On this basis I designed two types of racing seaplanes, 
the Ic 5 and Pc 6. (Ei^s. 19, 20, and 'Al.) Lateral static 
stability was obtained by means of t\70 planing fins inte- 
gral with the float, which gave the appearance of a sesqui- 
plane when the float was let down. In fliyht, the float 
with its. planing fins is raised mechanically against the 
fusel.age, which is then partially iribedded in a hollow on 
the tOT) of the float. Simultaneously the planing fins rest 
against . the central part of the main wing, so that the whole 
becomes a m-onorlane, thus redi^cing the drag, while eliminat- 
ing the interference between the float and fuselage and con- 
siderably increasing the wing loading with respect to that 
in tabling off and landing. In exper ime^it s personally con- 
ducted b^. m.yself at La Sn-ezia in 1915, it was demonstrated 
that the water, which got jnto the hollow in the top of the 
float, was quichly expelled on the first acceleration of the 
seaplane . 

The most diffic-^-lt p:-oblen of this solu.tion evidently 
rer^^'ded the raising and lowering of the float, whicli pre- 
sented two difficulties, namely, its considerable v/eight 
and the unhnown aerodynamic forces. 7/hile accepting the 
extra weight of the operating mechanism, there v^as still 
need of careful wind-tunnel te^ts, which I was not able to 
main e , a s w i 1 1 s 0 0 n b e e xp 1 a i n e d . 

The experiments performed in G-t!) 1 1 inge.- , with a i/iOno- 
plane wing which split into biT:'lane ^-ings, were already 
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knov/n, "but positive data viere lacking on the effect of the 
aerodynamic reactions while the lower wing and float were 
"bein£, "anited with the "apper win^^. This prohlem trouhled rr.e 
and, in vie^^ of the fact that the mane-uver would have to "be 
made "by the pilot at a very high speed with a heavy wing 
loading and perhaps in the presence of vihratory motions of 
the vrings, I abandoned this solution, although I had done 
much work on it, in order to turn to the Pc 1 or something 
similar. 

6. OEI&IITS C? THE Fc 7 



I then decided to examine anev; the Fc 1, which I have 
already:' said seemed to me to represent the simplest arc'ii- 
tectural expression for a small seaplane with a hahitahle 
"body. In order to make a thorough study of the types Fc 4 
and Pc 5, as well as of the Fc 1, I personally conducted 
ext ens ive wind- tunnel exp er iment s . 

For this purpose my firm constructed a wind tunnel 
which woxild also he useful for inv e 1 1 iga t in;^ other suhjccts 
Figure 22 represents the Finalmarina wind tunnel, which is 
of the modern type with an inclosed test chanher and a 
guided air stream. The wind tunnel was finished, hut I was 
unahle to rig it or put it in functioning condition. I wp s 
therefore ohliged to modify the seaplane pc 1, in order to 
enable the functioning of the propeller, hy raising the 
Drow of the seaplane out of the water hy means of the de- 
vice illustrated in the British patent 318853 and in the 
following Italian patent < (Fig. 23.) 

"ITEIY TYPE OF SEAPLANE 
■.3eloiiginjt to the Societa Piaggic and Company'- 
and Engineer G-iovanni Pegna, at Genoa 

"The suhject of this invention is a iiew type of sea- 
plane i.: which the air propeller ic low v^ith respect to the 
Y/ater line, so that it can not function initially for till- 
ing off from the v/ater without tne aid of t-^o auxiliary de- 
vices, which form the suhject of this invention, nam.ely, 
one or more water propellers and two or more pairs of hy d r o 
vanes. The former are designed to impart sufficient speed 
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to the seaplane to raise it on the latter enou^^jh to enahle 
the starting of the air propeller or propellers and the ul- 
t imat e take- of f . 

"Figures 2 3-30 represent a few exa'iples of the sea- 
pla-.e which are the suhject of the patent. 

"In ri<2iires 22-25 the Crocco hydrovanes are used; in 
Fii^iire 26, the Forlanini; in Figure 27, the G-uidoni; in 
Figures 28-30, the P iaggio-Pegna . 

"The water propeller can he driven by a s-eparate en- 
gine, or hy an engine designed to drive one of the air pro- 
pellers, "by means, in the latter case, of two disconnect- 
ahle couplings, one for the air propeller and the other for 
the water propeller. (Fig. 30.) 

"The air propellers can "be ?ci:ept horizontal, until the 
seaplane is sufficiently emersed, hy means of suitable 
stops on their huhs. 

"In "brief. - Seaplane with air propellers near the 
water, so as to be unable to function for taking off, until 
the seaplane has been raised sufficiently by means of one 
or more water propellers with the aid of hydrovanes, such 
as the Crocco, Forlanini, Guidoni and p iagg io-F egna . 

"Genoa, September 10, 1928." 

I'uring the discussions in other countries on the pri- 
ority of this invention, I learned that in England, iii 1912, 
a patent had been obtained by Hr. Burney on a similar de- 
vice, of which I was ignorant when I. designed the pc 7. In 
ado. '.-ing this method, I transferred the problem, of the aero- 
dynamic field to the hydrodynamic field, v;hich seem-cd eas- 
ier to master. The idea of using hydrovanes on seaplanes 
dates back many years, during :7hich they v/ere experimented 
with by Forlanini, Crocco, G-uidoni and Calderara. In 1911 
Forlanini proposed, throu.gh the engineer Combi, for me to 
Q-PP^y hydrovanes to a seaplane. Crocco wrote a com- 

plete and convincing treatise, "Problemi di aeronaut ica . " 
Guidoni published a sum.mary of "his researches, "Fifteen. 
Years of ITaval Av iat ion , " in The Journal of the Royal Aero- 
nautical Society, 1928, pp. 25-S4. 

The problem- was first presented to me in the seaplane 
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constructed in 1916 in the f act ory ' of • Isotta Fraschini at 
Milan. (pigs. 31 and 32.) For this seaplane I designed, 
in addition to an ordinary \700den float, a sheet-steel 
float (constructed "by Bot t arl ini of the I.F.) v/itn a circu- 
lar midship section and hydrovanes as shovjn in Figure -31. 
For -lilitary reasons, the hydrovanes were discarded and the 
seaplane was flown simply with the ordinary wooden float. 
(ji<3;. 32.) It may he of interest to note that this sea- 
plane had a hiplane cellule which, I think, could serve as 
a model even now. 

In 1917 I made a series of tests, in the Froude tank 
at La Spezia, with hydrovanes like those in Figures 28-30, 
derived from those mentioned ahove. These tests yielded 
good results up to speeds of 5 m/ s (l6.4 ft. /sec.) with 
models 12 cm (4.72 in.) long, with a maximum drag of l/lO 
to 1/7 of the weight of the model. 

Mindful of these experiments, I "began hy constructing 
model ITo. 1 in Figure 33, which, on bein,:^; towed by a motor 
boat, behaved .normally up to a speed of 6 m/ s (19.7 ft./ 
sec.). For the transverse equilibrium in the first phase 
of raising the prow, while the hydrovanes were still com- 
pletely submerged, I mounted two inclined planes under the 
wing tips,, as shown in the figure. 

I hoped to overcome this difficulty in practice by 
providing both hydrovanes with auxiliary vanes operated si- 
multaneously with the ailerons of the principal wings, as 
stated in the patents on this subject taken out by me in 
conjiinction with my firm. This device would doubtless have 
proved efficacious, and I therefore prepared to proceed by 
constructing model No. 2 (fig. 33) without the lateral in- 
clined planes. This model was sent to Home, as "monoplane 
X" f r wind- tunnel tests. The results of the aer odynaiiiic 
tests were encouraging. (Fig. 34.) 

Continuing my researches, I decided, at the suggestion 
of General Crocco, to change the wiug section of the ro.io- 
plane X, which was a Curtiss of small lift, and adopted a 
"Munk" of greater lift though also of greater drag. I was 
thus enabled to use a considerahly smaller wing than in the 
first case with obvious advantages as regards weight and 
flezural and torsional rigidity. I thus arrived at the fi- 
nal model of the Pc 7. (Fig. 36.) 

The other models represented in Figure 33 served for 
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tests of minor importan';e, the description of Trhich is not 
necessary here. The prohlem, thus posed, s.eerr.ed simple, 
hat, in reality, represented qaite seriO"as and -anex?-:- ec t ed 
difficulties. 

7. HYDHODYNAMIC CHAPACTEP.I STI CS 07 THE ?c 7 



As is manifest froia the f or ec?;o i;:-.-; , I intended to aoan- 
•"'On vrith the Fc 1, Fc 5, Fc 6 and Fc 7, the conventional 
form of rrcinA: sear^lanes (desif:ned .h;- me in o.nt ic ipa t ion of 
the Fc 3), in order to obtain, throur:;h ideas vdiich ivere not 
new hilt vfhich were ccmhined in a nevj way, a seaplane which 
would he swift not only hy reason of the engine pov:er, hut 
also hecause of the reduced dra{;. 

As alread;^'- mentioned, I had transferred the diffic?.!- 
ties coxif renting me from the aerodynamic to the hydrodyna- 
mic fielo. I derived no £:reat advanta ge- from this course 
and immediately encountered so ^:reat dif i icalt ies that I 
wo-ild have returned to the Fc 1, if I nad not already he- 
Sun the construction of the Fc 7 in the attempt to improve 
the hydrodynamic characteristics. The reader will surely 
unde^'stand ray eagerness for quick resultn, which made it 
advisahle for me not to ahandon tliat believed to he good, 
for that supposed tohe still hetter. 

In the first tcwin.^ tests, up to 5 to 6 m/s (16.4 to 
19.7 ft./ sec.), the model hehaved in a r eriiar3:.a tly regular 
ma-jiner, exactly in accord with my expectations. The prow 
was raised to the position which ma.de it possible to start 
tiio air propeller, while the stern emerged till it v:as sup- 
ported only by the smiall lower hydrovane. (A, fig. 37.) 
lYhen, however, the laodel was towed., at a greater speed, it 
began to behave in a more uncertain manner. It sank into 
the water and continued to move as though it had no hydro- 
vanes. It lost its lateral stability and sometimes sudd.en- 
ly made a complete turn about a lon^;:! tiid.inal axis. On in- 
vest i-at : on this was found to be due to a '■•ind of cavita- 
tion. \7hen the speed of the model reached a certain value 
and the hydrovanes were imm.ersed only one or two centimeters 
(less than an inch), tlie vater suddenly seT.ar?.ited from, its 
rear and v,^as replaced by air. From this r^oiz-ent the lift of 
the hydrovanes was produced only oi^ their lo-rer surface, 
and the coefficient Cp dropped to very Ioy; values, which 
were only about 1/4 of the original value. If the pbenome- 
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non occurred simultaneously in "both hydrovanes, the model 
sank vertically; otherwise it heeled over, as already men- 
tion v. d . 

I had to resort to protecting screens and he^an "by us- 
ing two vertical or horizontal diaphragms on the hydrovanes, 
as shown in Figure 33, hoping thus to o'ostruct the air cur- 
rent produced hy the negative hydrodynamic pressure on the 
after side of the hydrovanes. It is oovious that, when 
this negative pressiire (which is ahout 800 times as great 
in water as in air for tlie same speed) amounts to ahout one 
kg/cm^ (14.2 It • /sq . in • ) , it can produce the phenomenon un- 
der consideration. It is therefore c cmp r ehens ihl e how the 
said expedient may he efficacious only to a si ight ■ degree 
and that this is due to the physical nature of the phenome- 
non. 

The solution of the prohlemi occurred to me Decem.hor 
18, 1923, eight months after the contest. In my notehook 
of that date I find the following remarks. "There is need 
of iitilizing, rather than of seeking to eliminate, the 
phenom.enon of cavitation, and of basing the solution on the 
hydrodynamic pressure on the lower side of the hydrovanes." 
December 19 I had already concluded all the preceding ex- 
periments and those of the day before with the following 
note. (Fig. 3?.) "In the first phase of taking off, when 
the v/ater propeller was running, the seaplane was supported 
at rA and C. At a higher speed, when the air propeller is 
running and it is desirable to eliminate the hy dr odyna.iic 
resistance of the water propeller, the seaplane must be 
supported at B and C preparatory to taking off. In 
lana.:..:g, the seaplane must touch the water at B and C 
3 imil t aneously , or nearly so. It is therefore necessary to 
test the hydrovanes A and B in conjunction with C." 

These tef^.ts yielded good results. There remained only 
a brief chan<:e of speed (from . 30 to 36 km (IB. 6 to 22.4 
miles) per hour, during which there was a slight lateral 
instability, which d.id not trouble me, because it coi?J.d be 
remedied either by auxiliary ailerons, as already mentioned, 
or by the skill of the pilot, as will be shown. 
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8. ; HSI'ARirS OIJ HYDHOVAHSS WITH AlTD ^WITHOUT CISCULATIOIT 

Tlie phenomenon of cavitation on the hydrovane:3 v.^as 
foreseeable,' tho-'df];h it received hat little attention. I'y 
f 0^" erunner s Operated at a speed ra'n^e oelow that of cavi- 
tation. anc'. could ace ordingly construct very ^jood seaplanes 
^vi-thout incurring any risl':, ?orlanjni on Lake l:a;^;giore, 
Crocco at Vi^-:na di Valle and G-'^idoni in oi:r ports ^''ic'' not 
.estahl'ish the effects of the separation of the fluid flow. 
I- myself pilo-ted (1912)' Farman seaplanes with G-uidoni wings 
and ohs-erved, that the phenomena of talcing' off and of land- 
ing' occurred ^with extraordinary continuity and smoothness. 
Tne miniifium speed of . the Farman, ho wev er , • wa.s hel ow the 
criticr^l;. speed of cavitation for the hy dr ova'/ic s employed. 

In order to foresee in 1928 the existence of this 
critical .speed, I v;ould have had to reflect sufficiently on 
the possible, importance of the aerodynamic or hydrodynamic 
pressure in the vicinity of the leadinf:; ed£;e of a win^;^', 
which is expressed by the formula 

p = 1/2 p a V ^ 

T/hore a is a function of the an^'le of attack and of the 
location of the point at which the prer.siire is measured 
along the profile. " On top of -a wing, near the loadin?; edge, 
a may easily have a value of -2.5. For water p is 
about IOC, so that we can write 

p = 50 a V ^ 

and, puttin.2; a - 2.5, we find a critical speed of 9 m/s 
(29... ft. /sec.) , for p - 10,000 kg/cm ^ ( 142', 23 5 lb . / s q. in . ) . 
'Thp cavitation must begin at a. little higher speed than 
this, if the hydrovane is at the surface of the water. It 
is obvious that-.tliis must occur at greater speeds with "r^ro- 
files havinj a .lower absolute m.aximum value of a. This 
was confirmed b.y experiments, during which it was found (as 
ar»:oeared. logical) that the better profile in this resr.^ect 
is a plano-convex one com.ing to a point in front, with its 
upper side havin,'.: the shape of the arc of a circle. 

. . Eeraembaring that, the lift of a wing really originates 
at a vprt.ex with . a. t ra-nsyer se axis v;hich is c om.Tj oimded v/ith 
the field of yelocity due to the motion of the wing itself, 
it may /De ... th.oiVght that ;. a, discontinuity occurs in- the lift 
and therefore that the suction. and the decrease in the lift, 
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when the field intensity corr esr onds with the surface of the 
water, assume particular values. The solution of the hy- 
drodynarnic prohlem of Fc 7, as stated in Section 6, there- 
fore signifies the renunciation of the lift with circula- 
tion, in order to utilize- the lift without circulation, 
S'-iitahle for aquaplaning DOdies. Plat stones skipped on the 
water, sea sleds and aquaplanes are practical examples of 
the utilization of hydrodynamic lift without circulation. 

In substance therefore the Pc 7, when it is supported 
at E and C (fig» 37), can he likened to a . c onvent ional 
seaplane, from which the floats have heen removed with the 
exception of the portions near and in front of the step and 
tail- The ohject of the system of inverted-V hydrovanes of 
the Fc 7 is to substitute hydrodynamic lift for the hydro- 
static lift of ordinary floats. 

While I, assisted "by the engineer Gahrielli, was con- 
ducting the experiments on the hydrovanes with rather prim- 
itive means, General Crocco was conducting similar system- 
atic tests in the Proude tan].v of the Air Ministry with in- 
verted-V hydrovanes similar to those of the Fc 7. He im- 
mediately noticed the phenomenon of cavitation and found 
that the best profile vv^as a plano-convex one. 

The results of C-enernl Crocco^ s experiments came to my 
knowledge in December, 1928, and at this- time General Crocco 
also learned of my experiments, of the difficulties I had 
encountered and of my solution of the problem as stated in 
Section 7 of this treatise. Uhile being very grateful to 
General Crocco for his important suggestions, I was not 
able to utilize the tests recom.mended by him, because cav- 
itation inhibited the use of sim.ple hydrovanes at over 70 
km/h (,43.5 mi./hr.), and necessitated the adoption of aqua- 
planiriis si.irfaces without circulation.* 



* The study of the phenomenon of cavitation, or more propei^ 
ly of the ser.'aration of the flow from the top of the im- 
mersed liydrovanes, should be pursued with systematic ex- 
perimentation. In fact this phenomenon is more complex 
than would appear from my summary. For com:xjletely im.- 
mersed hydrovanes, the critical speed of separation in- 
creases with the depth of immersion, while, for hydrovanes 
frontally inclined and partially emersed, it may go below 
the minimum speed stated by me. I found a confirmation of 
this fact m.any years ago in the vertical arms of a device 
for testing water-propeller models in the tank at La Spezia, 
(Concluded at bottom of page 15.) 
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9. HYP'ROYA^ES AilL PLAIvIINO SURFACES 



Figure 35 represents tlie lift-drag ratios of a flat 
rectangular plate towed on water at vario-as angles of at- 
tach (experiments made in the Froude tank at Budapest). 
Tiiese ratios or efficiencies correspond to an aspect ra- 
tio of aoout 3.5. The efficiency was slightly improved "by 
decreasing the aspect ratio. From Figure 35 it appears 
that, with a judicious choice of the angles of attach and 
therefore of the relative positions of the planing surfaces, 
a ratio of 1:7 can he ootained hetween the hydr odynamic re- 
sistance and the weight of the seaplane, which harmonizes 
well with the solution adopted for the Pc 7. 

In practice, however, the original Pc 7 is inferior 
for the following i^easons. 

1) The planing surfaces can not he made frontally 
horizontal, hecause, diie to the smallness of the wing 
lift, it would porpoise "badly at 100 hm/h (62 , 1 ml. /'nr.), 
as was experimentally confirmied with models. 

2) It did not seem hest for the planing surfaces to, 
oe rectangular. The shape and frontal inclination 
adopted hy me (fig. 35), perhaps still far from perfect, 
have the advantage of a very gradual contact with the 
T/ater in land-ing and prevent porpoising. 

3) The angle of attach of the planing surfaces is 
too high when the seaplane is m-oving with the points 
A, E and C at the surface of the water. (See section 

7 and fig. 37.) It is possible to avoid this hy twist- 
ing the surfaces so that their geometric angles of at- 
tach! si'itably increase outwardly from their inner ex- 
t r emit i e s . 

For these reasons and also because the rear part of 
tne effective portion of the hull is covered with water at 
a high angle of attach, the actiial efficiency of the Pc 7 
in its original form (counting both the hydr odynamic and 
the aerodynamic forces) v,'as not so good as that of the 



(Continued from pate 14.) 

The arm.s were apparently well shaped and moved at zero an- 
gle of attach. Tliis difficilty was remedied hy means of 
lenticular profiles lihe the foregoing, but very slender 
and smooth. 
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ot'iaer racing seaplanes. It is possi"ble to expect some im- 
provement in efficiency in tlie seco.io. form of the seaplane 
"by means already mentioned. Fortunately the water propel- 
ler, v;ith -v^hich the seaplane \7as ori^'inally equipped and 
asic'e fron these last considerations, is well adapted to 
solve the ta-ce-off prohlem of the Pc 7, as shown in 'Fi<::\iTe 
33. 

In this figure, the point 3 corresiDonds to trie in- 
stant the pilot starts the air propeller, and the point C 
to the instant when the air propeller annuls the effect of 
the water propeller. In the interval "between 5 and C the 
sum of the two propeller thrusts may De represented "by the 
segLient B C, which serves as the 'bridge of transition from 
the hyclrodynamic propulsion A B t o the aerodynamic C D. 

Figure 39 presents the diagrams relating to the towing 
tests of the complete model of the Fc 7. .Fi:i:ure 40 shows 
the results of the trimming tests, the B group of curves 
referring to the emersion of the lower horizontal tangent 
.to the propeller disk. The pilot miif'ht introdi-ce the ir 
propeller at a very low speed, if the T)ropeller thru.st at 
this speed were su.fficient for propulsion, which might hap- 
pen in a nonracing seaplane. Lastly it should he noted 
that the landing of the Pc 7 has heen criticised. This 
should present no difficulty. 

It is thought that the angle of attack of the planing 
surfaces is ahout 3^ (fig. 37) with respect to the line of 
flight at maximum speed. Therefore, in landing at meximum 
speed, the planing surfaces, even in this limiting case, 
would yield a positive lift of considerahle efficiency and 
such that the hydrodynamic reaction of the planing surfaces 
woul^' he forward of the center of gravity. Under these 
conditions the seaplane v;ould tiierefore have no tendency to 
c ap size. 

On landing, as stated in Section 7, at a suitable 
speed, i.e., on th^ points A, 5 and C, the efficiency of 
tne planing surfaces would he reduced to a minimum of 3 and 
hence all danger of ducking would he eliP:inated even in 
this case. Ducking would result only from landing "under 
the line of flight" and this, in my opinion, rnust he a- 
vo ided . 
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10. AERODYHAMIC CHARACTEHI ST I CS OF TEE Fc 7 



These present no notahle peculiarities, except the low 

value of Or minimum and the high value of _ /c^ , = 

^ p max' r max 

52, unequaled, so far as I know, oy any seaplane which has 
"been constructed or tested in a v/ind tunnel, 

Fij:;-ures ? and 14 show the lo^^arithmic polar of Fc 7, 
which coincides practically with that of the monoplane X. 
Figure 13 shows at 1 the absolute polar of the Fc 7 with 
respect to the total supporting surface (win^ area hori- 
zontal projection of planing surfaces and hydrovanes). The 
absolute polars of Fc 7 and of the monoplane X (also with 
respect to the total supporting surface) do not coincide, 
the latter excelling the fo rmer« This depends not so much 
on the wing profile as on the worsening of the hydrovanes 
due to the f acts pres ent ed in Section 7. 

Nevertheless the Fc 7, even in its primitive form 
which can "be greatly improved, is much "better, even in the 
absolute sense, than any other racing seaplane known to me. 
The curves 1, So and S6 (fig. 13) ena'ble comparisons. 

Absolutely, the Supermar ines , the !-!acchis, the Glosters 
and the Fc 3 are practically equivalent and, within the 
limits of errors of estimation which I may have made, have 
the sam.e maximiim total lift. For this reason I felt justi- 
fied in saying, at the "beginning of this treatise, that the 
world speed record was due more to improvements in the en- 
gines than to improvements in the design of the racing sea- 
planes. . 

Figure 41 represents the results of a study of the 
centering of the Fc 7 "by the method explained "by Crocco in 
his "Slementi di Aviazione.'' 



11. FKOFELLERS 



The propellers received special attention.. The revo- 
lution speed of the engine (800 hp I.F.) was, after red\\c- 
tion, 2,500 r.p.m. and the maximum speed of the seaplane 
was expected to reach 5S0 to 60 0 km/h (3 60.4 to 372.8 
mi./^'i^-)- The tip speed of the propeller "blades would 
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therefore "be practically that of sound. . I would have pre- 
ferred to use a fcir- "blade propeller, in order to reduce 
the peripheral velocitv, hut the same conception of the Fc 7 
prevented me from spending time on such a propeller. 

Three propellers with steel huhs and adjr.stahle blades 
of ntandard steel (fig. 42) were therefore ordered for the 
Pc 7, and one of these propellers, although contrary to the 
judgment of the firm, was designed by me v;ith very slender, 
almost symmetrical plano-convex tip sections. This was an 
application of my old notions of external ballistics, which 
reminder, me of the advantage of sharpening the ogives of 
projectiles in order to reduce the head resistance. It is 
now thought that there is no circulation at the velocity of 
sound and that, at that velocity, thin flat profiles, are 
therefore better than the customary ones. In addition to 
tiio ahove-ment ionod var iahl e-p i t ch propellers, I hi.ad three 
made "by Caproni of different pitches and of the usual dural- 
umin type. ( 5" ig . 4 7. . ) 

I preferred the variable-pitch propellers for various 
reasons, especially hecau.se the tahe-off froi.i the water was 
facilitated oy a liuitahle adjustment of the pitch. The 
.aerodynamic calcu-lation of the propellers was .made with the 
cu.stomary logarithmic diagra::is, hut the geometric pitch of 
the tip sections was determined hy assuming that the angle 
of attack for zero lift of the profile was zero with respect 
to the chord. ?or the ca^l ciila t i on of air propellers, the 
data contained in certain British publications were also 
used. 

The controllable, swivelling, two-blade duralum^in wa- 
ter propeller (fig. 44) was designed on the basis of old 
model experiments in the Froiide tanh at la Spezia. ITot be- 
ing able to conduct the tests of this propeller directly on 
the Fc 7 and it being necessary to attain the maximum re- 
liability of the water propeller before installing it on 
the Pc 7, my firm first constructed the motorboat shOY/n in 
figure 45, with a length of 10 m (32.8 ft.), a width of 2 m 
(6.56 ft.) and a displacement of 3,000 kg (6,614 lb.), for 
testing the proposed water propeller in direct drive vrith a 
3C0 hp engine at 2,000 r.p.m. This motorboat was chosen 
from among those tested in the tank, because its resistance 
curve approximated that of the Pc 7 in the tank at Eome. 

The miotorboat tests served the dual purjiose of showing 
whether the propeller thrust was the one required and ^"hetl>- 
er the physical force required to change the propeller ritch 
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(lever C, fig. 47) v/as Qveat eno-»ajh to fatigue the pilot. 
The propeller thrust vras 900 kg (l,G84 Ih.) at a fixed 
point, axid the thrusts at different propeller speeds could 
he approximately calculated frorr. a kno?/ledge of the revolu- 
tion speed and of the speed and corr espondine^: resistance of 
the hoat. After repeated trials, the force required for 
the lever C ras sufficiently reduced "by shifting the hlade 
axis. This was accomplished by replacing" the origi^'^al du- 
ralumin pivot, which was inter^ral '7ith the hlade, by a sep- 
arate steel pivot as shown in Figure 44 (A). The results 
cor r es'Donded perfectly with our expectations. 

12. THE COHSTRUCTIOIT 



I encountered many difficulties at first in the design 
and construction of the rc 7. This retarded its completion 
so m.uch as to brin^:; about a suspension of the tests and of 
my v/ork early in 1930. 

The first and most cerious obstacle was indecision re- 
gardinrj the type of en.^£;ine to be used. The engine had to 
be supplemented b.y gear:.; for transmitting the force to both 
•oropellers and by some vievice for stopping the air prorjeller 
in the horizontal position. 

At first the Fiat Comipany beccime interested and de- 
sired to associate itself with my company and to name the 
?c 7 the Fiaggio-?iat . I initiated the project by using 
the 1,000 hp Fiat engine and transmission gears designee- by 
the Fiat Con-panys 

Subsequently I abandoned the Fiat engine and adopted 
the Isotta Fraschini engine with the approval of the Ital- 
ian Air I'inistry. Uy old f r i end Sins t ino Cattaneo, the de- 
signer of the I.F. engines, displayed his great genius by 
interpreting my ideas and translating them into perfect 
mechani sm.s . 

FigTire 47 is a longitudinal diagram of the Fc 7 with 
the 800 hp I.F. engine. A and E are the transmission gears 
for the two propellers controlled by the levers C and D. 
The lever D was so adjusted that, by continuing its course 
after the gear of the '7ater propeller had been freed, the 
blades of the latter were given an infinite pitch, so as to 
practically elim.inate their aerodynamic resistance. 
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The lever C, after throwing the air propeller ov.t of 
c;:ear, \Yas pushed again and activated the cheek hral^e E 
which stopped the propeller. The same lever C then loosened 
the "braise so that the propeller could mahe a fraction of a 
turn and "be locked in a horizontal position. 

The lever C also controlled a ruhher valve "by means o.f 
the lever F. This valve was closed at the instant the air 
propeller stopped and served to prevent water, from entering 
tiie fuselage when the seaplane was in the position shown in 
Fi^^'iire 46. This valve was opened by the same lever, when 
actuated in the opposite direction in throwing the air pro- 
peller into gear. V/'hen it was desired to start the air 
propeller, the lever C opened the air-intake valves of the 
carhiir et or s (A, fig. 57), which were closed when the sea- 
plane v,v? s at rest. In the latter condition the engine 
"breathed" through the pilot »s hatch. 

The whole mechanism functioned as expected, and the 
slight disadvantages could have been easily overcome by fur- 
ther experimentation. An examination of Figure 47 does not 
reveal any greet difficulties in the construction of the 
seaplane, out it tested our ingenuity to the utmost to 
solve the many problems encountered every day. Vfe had no 
precedent to aid us and the restrictions of space were very 
severe. After determining the main cross section, modifi- 
cations were no longer possible. 

A number of problems had to be solved ns well as pos- 
sihle under the circumstances, e.g., the air intake of the 
c^.rburet ors , the engine exhaust and the oil radiator (fig. 
57), three diffic\ilt thirgs which functioned fairly well in 
Tjrr?ctice, hut needed further improvements which I hoped to 
make by further experimentation after the contest. For 
lack of time, I neglected to systematize on skids the con- 
trolled hydrovanes, trusting to the skill of the pilot to 
overcome the brief phase of lateral instability in the wa- 
ter, from 3 to 3.5 m/ s (9,8 to 11.5 ft. /sec.) of 0.1-scale 
model. In fact the Pc 7, piloted by Dal r^olin, rose on its 
hydrovanes as shown in Figures 48 and 49 (taken from a mo- 
tion-picture film). 

13. STRUCTURE 



The stanch frsela^e had many longitudinals running 
from bow to stern (fig. 50) and was strong and light. 
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These 1 ongit-adinal s served for attaching the covering', 
which consisted of a douhle layer of thin plywood with the 
interposition of impermeable fahric. Fi^^'^re 50 shoves the 
engine hearers, the support for the v^at er-propell er gear 
and the steel r e in-^o r c ing ^pl at e's for attaching the fins. 

The water-tight tail sxirfaces (fig. 5l) were aerody- 
namically fine and were covered with plywood. They were 
separated hy the fuselage, and the aris of the air rudder 
• served also for the water rudder. The fuselage had tv/o wa- 
ter-tight "bull'heads, and the "buoyancy of the seaplane was 
increased "by a covering of thin corru-gated aluminum, sol- 
dered (a, water-tight covering; 5, fuel tanks; fig. 52). 



14. THE 



Figure 53 shows the \incovered wing of the Fc 7. It 
was first made with two spars, the third spar having heen 
added after I had heen asked for a higher safety factor 
than the one first selected (16 instead of 13). The wing 
vms perfectly water-tight, including the ailer.ons. whose 
hinges and controls were installed in siich manner as to 
produce no appreciahle torsional stress. 

The wing vras suhjected complete, hoth with and without 
water radiators, to the measurement of the flexural and tor- 
sional vibration period (figs. 54 and '55), in order to de- 
termine whether any important regime of the engine w^as a 
multiply of the natural vibration of the wing. The wing 
radiators, shov:n in Figure 56, had a capacity of 55 l/h 
(14.52 gal. /nr.) . 

The oil radiator is shown in Figure 57 as it was orig- 
inally designed, the portholes A for the carburetor air In- 
take being also shown in the same figure. These portholes 
-^ere opened by the act of starting the air propeller. It 
is now preferred to cool the oil by means of the water from 
the principal radiators, by means of a tubular radiator 
conceal.ed in the fuselage and to put the air-intake holes 
on top, instead of in the sides of the hull. 

In the beginning of 1930 I put in construction the 
planing surfaces with controlled hydrovanes and the relative 
controls, but the suspension of tne tests also caiised the 
suspension of this work. Figure 58 shows a planing surface 
ready for the application of a small hydrovane. 
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15.- CHARACTERISTICS 0? TEE Pc 7 



Tifeight empty- 
Useful load 
Total load 
Win^- area 
Total area 
l,7iiig loading 
Engine pover 

Estimated maxir.ium 
sp eed 

Minimum speed tinder 
full load 



1 , 416 kg 
280 " 
1,68 5 " 
8.45 m 2 
9.BB " 
169.5 kg/m 
8 50 hp 

600 km/h 

165 " 



3,0 9 9.70 Ih. 

617.29 " 
3,715.99 " 

90.95 sq.ft. 
10 5.35 " 

34.72 Ib./sq.ft 
8 38.4 hp 

372.8 mi./hr. 

102.5 " 



WEIG-HT DISTRIBUTION 



¥ing with 'radiat or s 

and -vater 282.50 kg 



Fuselage complete 

Tail surfaces 

Water rudder and 
propel 1 er 

Eydrovanes 

Engines rvith trans- 
mi ss ion g ea rs 

Air propeller 

General controls 



246.80 " 

44.00 " 

13.70 " 

8 6.20 " 

563.00 I' 

2 8.00 " 

24.50 " 



Eagine accessories 28.74 



622.81 Ih. 

544.10 " 

97.00 " 

30.20 " 

190.04 " 

1,241.20 » 

51.71 " 

■. 54.00 " 

53.36 " 
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TSIGHT DISTRIBUTIOIT (Cont.) 



Tanks and T7ater- 

tight ^ooxes 52.15 kg 114.97 It, 

Oil radiator 26.41 " 58.22 " 

Fuel , 0 il and 

A7ater pipes 20.00 " 44.09 " 



^Jeight empty 1,413.00 " 3,121.70 



Those data shov/ that the principle of the Fc 7 makes 
it possible to realize a v/eight of the same order of magni- 
tude as that of a seaplane of the conventional ty^-e, with 
the advantage resulting from the siihst itut ion of hydrovanes 
for floats and the addition of auxiliary devices. 



15. THE TESTS 



When the v;ater propeller was started the how of the 
seaplane was promptly raised, as expected. 

One disadvantage v/as quickly noted. The gear of the 
water propeller, which functioned perfectly on the motor- 
hoat and on the test stand, was flooded with oil and skid- 
ded. For this reason, while the engine accelerated, the 
seaplane settled hack in the water, tait without harm. Sub- 
sequently this defect was partially rem^edied. There was 
need of a port in the side of the fuselage for inspection 
and cleaning, hut this v/as not provided, hecause the tests 
were suspended. 

Since the Fc 7 could not participate in the contest, 
it was temporarily abandoned hoth oy my firm and "by the Air 
Ministry . 

I hope, however, to he ahle to resume this work, in 
which I take a great interest, and perhaps produce practical 
seaplanes with some advantages as compared with existing 
sea^planes of small and medium dLuonsions, especially for 
use on ships. This would perhaps he the hest demonstration 
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that researches regarding high-speed seaplanes are not 
useless, as some claim, oiit friiitf-al of results for the 
pro^'ress of aviation. 



Translation h^- r^right M, Miner, 
ilational Advisory Committee 
for Aeronautics. 
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Figs. 2, 3, 15, 16 
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Fig. 3 



Fig. 15 



The 
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Fig. 9 
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Figs. 1C,11 




P.O. 3 

Fig. 11 
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Fig. 12 
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?ig. 13 
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